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PURPOSE: To describe clinical characteristics and visual outcomes of non-traumatic open globe injuries.
SETTING: A level 1 trauma centre in a large urban medical centre.
DESIGN: Retrospective study.
METHODS: Charts of non-traumatic open globe patients admitted to MHH-TMC from 1/2010 to 3/2015 were reviewed for
demographics, cause, clinical characteristics, visual acuity (VA) and enucleation.
RESULTS: Thirty eyes were included: 15 (50%) were males with a mean age of 47 (±28) years. All presented with zone 1 injury.
Twenty-five (83%) had a perforated corneal ulcer. Presenting VA was count fingers (n= 3, 10%) to NLP (n= 6, 20%). Twenty-four
(80%) involved infection, 5 (17%) congenital, 3 (10%) chemical burn and 2 (7%) neurotrophic. Conjunctival injection (n= 22, 77%),
corneal opacification (n= 20, 71%) and relative afferent pupillary defect (n= 9, 44%) were common. After treatment, 23 (88%) were
worse than 6/60 (20/200), 9 (35%) were NLP and 8 (27%) required enucleation.
CONCLUSIONS: Often non-traumatic open globe injuries are zone 1 and due to perforated infectious ulcers. Compared to
previously reported traumatic injuries, these have higher rates of enucleation (27% vs 8%) and poorer final VA (88% vs 68% worse
than 6/60 20/200).
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INTRODUCTION
Open globe injuries describe full-thickness wounds through the
cornea or sclera [1, 2]. Open globe injuries and their sequelae are a
significant cause of monocular vision loss and morbidity [1]. Open
globes can be traumatic in nature (e.g. penetrating, projectile,
blunt force trauma) or non-traumatic (e.g. infectious corneal
ulcers, burns). Non-traumatic injuries may not result in immediate
open globes but may be more insidious in nature. The
epidemiology and characteristics of different types of traumatic
open globes and the visual prognosticators of zones of injuries
have been well established in the literature [3–6].
However, in literature describing open globes, often excluded

are non-traumatic causes of full-thickness wounds of the globe,
such as perforations from corneal ulcers, inflammatory processes
or chemical burns [3–5]. Lekskul et al. [7] investigated non-
traumatic causes of corneal perforations secondary to corneal
diseases and infections; however, the study contained no patients
with previous open globes, endophthalmitis, chemical burns,
neurotrophic or congenital etiologies. To our knowledge, there are
no studies evaluating all presenting non-traumatic causes of open
globes.
Our aim is to characterize causes and predispositions of non-

traumatic open globes, their presentation and visual outcome.
Through this process, better understanding of causes and
prognosticators may be ascertained, and possible prevention
strategies may be conceived.

METHODS
Study design
This is a retrospective review of patients with non-traumatic open globes
who presented to the Robert Cizik Eye Clinic of the Ruiz Department of
Ophthalmology and Visual Science at the McGovern Medical School at The
University of Texas Health Science Center at Houston (UTHealth) and/or to
Memorial Hermann Hospital Texas Medical Center from January 2010
through March 2015. Institutional Review Board approval was obtained
from The University of Texas Health Science Center Committee for the
Protection of Human Subjects. All research adhered to the tenets of the
Declaration of Helsinki and was HIPAA compliant.

Participants
A chart review of patients of all ages was undertaken. Patients were
identified by the following ICD-9/ICD-10 codes: perforated corneal ulcer
(370.06/H16.07), 871.0: ocular laceration and rupture with or without
prolapse of intraocular tissue or exposure of intraocular tissue (871.0 &
871.1/S05.3 & S052), rupture of eye with partial loss of intraocular tissue
(871.2), unspecified laceration of eye (871.4), unspecified open wound of
eyeball (871.9/S05.9) and burn with resulting rupture and destruction of
eyeball (940.5/T26.2). We defined, and included, non-traumatic injuries as
those that do not involve mechanical trauma causing immediate
perforating or penetrating injury. Charts with traumatic aetiologies were
excluded. Furthermore, those without a consultation exam and medical or
surgical repair performed by the ophthalmology service were also
excluded. Selected patients received a full visual exam, including of the
posterior pole, per standard of care. If both eyes were eligible, one eye was
randomly selected.
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Data collection
Participant demographics (age, sex and race/ethnicity) and open globe
characteristics including cause of injury, type of injury, zone of injury and
visual acuity (VA) at presentation were obtained. The cause of injury was
classified as infection, congenital, chemical burn, neurotrophic, other/
unknown or a combination. Zone of injury was divided into three zones
according to the following criteria: Zone 1: cornea and limbus, Zone 2:
anterior 5 mm of sclera posterior to the limbus, Zone 3: posterior sclera
greater than 5mm from the limbus [1, 2]. Clinical examination findings at
presentation, including relative afferent pupil defects (RAPD), chemosis,
sub-conjunctival haemorrhage, abnormal pupil or iris shape, hyphema,
conjunctival injection, corneal opacifications, discharge, hypopyon and
culture, were recorded. Postoperative data collected included patient
follow-up, duration of follow-up, and whether the injured eye required
enucleation or evisceration. The VA at the last follow-up was collected as
the final VA.

Data analysis
VA change from presentation to the final visit was classified into improved,
remained same, remained no light perception (NLP) and worse outcome.
The data were summarized by mean (±standard deviation) for continuous
variables or frequency (percentage) for discrete variables. Fisher exact test
was performed to identify the prognostic factors that associated with VA
outcome.
A P value < 0.05 was considered as statistically significant. All statistics

were computed using SAS for Windows 9.4 (SAS Inc., Cary, NC).

RESULTS
Demographics
Thirty (30) patients who had non-trauma-related open globe were
included in this study. Fifteen (50%) were males with an average
age of 47 (±28, range 1–90) years old. Of 26 patients with reported
race/ethnicity, 8 (31%) were white, 6 (23%) black, 9 (35%) Hispanic
and 3 (12%) Asian. Nine (30%) eyes had no history of ocular
diseases. The 21 (70%) eyes with a history of one or more ocular
diseases included: 12 corneal diseases (including Axenfelds
syndrome), 5 previous ocular trauma, 4 glaucoma and 4 cataracts.
Fourteen eyes (47%) had previously undergone ocular surgeries
(Supplementary Table 1).

Outcomes
Table 1 contains the outcome of each patient, including whether
enucleation was necessary, VA at the final visit, duration of follow-
up and VA change from presentation to the final visit. Of the 30
eyes, 4 (13%) were primary enucleated. Of 23 (77%) eyes with
follow-up, the average follow-up period was 4.4 months (±3.3). In
addition to four primary enucleations, four eyes (13%) underwent
secondary enucleation during the follow-up period, resulting in a
total of eight (27%) enucleated eyes. The final VA was unknown in
four eyes, with three due to loss of follow-up and one unable to
be evaluated due to mental status. The final VA of the remaining

Table 1. Visual outcomes of patients with non-traumatic open globes in study cohort.

ID Enucleation/evisceration Duration of follow-up (months) Last known VA Initial VA VA change

1 No 7 LP LP Same

2 No 3 CF LP Improved

3 No 6 20/300 LP Improved

4 No 6 20/200 HM Improved

5 No 2 HM LP Improved

6 No No follow-up – LP –

7 No No follow-up – LP –

8 No 2 LP LP Same

9 No 7 CF HM Improved

10 No 6 20/200 HM Improved

11 No 11 LP LP Same

12 No 0.5 HM LP Improved

13 No 6 HM CF Worsen

14 No 7 CF HM Improved

15 Primary No follow-up NLP NLP Remained NLP

16 Primary No follow-up NLP NLP Remained NLP

17 No 8 CF CF Same

18 No 11 20/200 CF Improved

19 No 4 HM LP Improved

20 No 6 LP LP Same

21 No No follow-up – HM –

22 Secondary 0.1 NLP LP Worsened

23 Secondary 0.1 NLP LP Worsened

24 Secondary 4 NLP NLP Remained NLP

25 Primary No follow-up NLP NLP Remained NLP

26 No 2 NLP NLP Remained NLP

27 No 0.5 HM HM Same

28 Primary No follow-up NLP NLP Remained NLP

29 Secondary 1.2 NLP LP Worsened

30 No 0.4 Unable LP –
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26 eyes was 4 (15%) with VA 6/60 (20/200) to 6/90 (20/300), 4
(15%) were count fingers (CF), 9 (35%) were hand motion (HM) to
light perception (LP), and 35% (9/26) were NLP. Compared to
initial presentation, 10 (38%) patients improved, 6 (23%) remained
stable, 6 (23%) remained NLP and 4 (15%) had worse outcomes.

Presentation and clinical characteristics
All 30 (100%) patients presented with zone 1 injuries and 25 (83%)
open globes were due to a perforated corneal ulcer with or
without uveal prolapse. At presentation, no eyes had vision better
than count fingers: 3 CF (10%), 6 HM (20%), 15 LP (50%), and 6 NLP
(20%). Twenty (67%) of non-traumatic open globes were caused
by infection exclusively (Fig. 1). Other causes included five (17%)
with congenital predispositions, three (10%) with chemical burns,
two (7%) from neurotrophic pathologies, and one (3%) that was
unknown (Fig. 2). Congenital problems included keratoconus,
congenital corneal hypaesthesia, congenital glaucoma, Axenfelds
Syndrome, and Fuch’s dystrophy. One of the two eyes with
neurotrophic pathology also had congenital predisposition. Three
eyes had a combination of congenial and infectious causes, while
one eye had a combination of chemical and infectious cause of
open globe.
Figure 3 describes the common presenting signs (>10%) in

these patients, who most frequently presented with abnormal
pupil (14/17, 82%), followed by conjunctival injection (22/30, 77%)
and corneal opacification (20/28, 71%). High incidence of corneal
opacification often made examination of other clinical character-
istics difficult. Of the 22 patients who were able to be assessed for
a relative afferent pupil defect (RAPD), 9 (44%) of them had a
RAPD. Discharge (7/30, 23%), chemosis (4/30, 13%) and hypopyon
(3/27, 11%) occurred at substantially lower rates. One patient had
85% conjunctivalization of cornea; thus, the intraocular examina-
tion was not able to be performed. Incidences of sub-conjunctival
haemorrhage and hyphema were rare (<10%).

Fifteen of 20 cultured eyes (75%) had an identifiable organism.
Two (13%) were fungal and the rest 13 (87%) were bacterial. Of
the 13 positive bacterial cultures, 62% (8/13) were Gram-negative
rods, 31% (4/13) were Gram-positive cocci, and 8% (1/13) were
unknown with unavailable outside hospital records.

Prognostic factors
VA outcomes. VA outcomes for each ocular sign are summarized
in Fig. 3. Eyes presenting with RAPD (P= 0.001) and chemosis
(P= 0.047) had worse VA outcomes. Of the eight eyes with RAPD
and follow-up, none (0%) had improved VA (P= 0.001): three
(38%) eyes remained the same, four (50%) eyes remained NLP,
and one (12%) eye worsened. VA improved in 8 of 10 (80%) eyes
without a RAPD (Fig. 3). Of four chemotic eyes with known final
VA, one (25%) eye remained the same VA, three (75%) eyes
remained NLP, and no eyes improved or worsen. However, of 22
eyes without chemosis, 10 (45%) eyes improved, 5 (23%) eyes
remained the same, 3 (14%) eyes remained NLP, and 4 (18%) eyes
worsened (P= 0.047).
There were only 3 (10%) eyes with hypopyon in our cases.

However, it should be noted that all 3 (100%) remained NLP. Due
to insufficient statistical power, it did not reach the significance
level (P= 0.095) as a prognostic factor for VA change, but it did
portend an unfavourable prognosis.
VA outcome was different between eyes without culture and

eyes with culture (P= 0.015). Of eight eyes without culture, none
(0%) had VA improvement, two (25%) remained stable, three
(38%) remained NLP, and three (38%) worsened. For 18 eyes with
culture, 10 (56%) had VA improvement and 4 (22%) had worse VA
outcomes. While there were no differences in VA outcome among
bacterial, fungal infection and negative culture results (P= 0.71),
VA improvement was observed in 46% (6/13) of bacterial infection
patients and 50% (1/2) of fungal infections. Further stratification of
the bacterial infections by Gram stain status, only 25% (1/4) of
Gram positive improved while 50% (4/8) of Gram-negative
infectious improved and all of patients with the final VA equal
to better than 6/90 (20/300) in this study were Gram negative.

Enucleation. There were no baseline ocular signs associated with
outcome of enucleation except presence of RAPD (P= 0.017). Four
(44%) of 9 RAPD eyes underwent enucleation and none (0%) of 13
non-RAPD eyes underwent enucleation.
Six (60%) of 10 eyes who did not undergo culture either had

primary (n= 2) or secondary enucleation (n= 4), while only 2 of
20 (10%) eyes who underwent culture were enucleated primarily
(P= 0.007).

DISCUSSION
Open globe injuries have long been known to be true ocular
emergencies with poor visual prognosis. However, further
differentiating between traumatic and non-traumatic open globes

Fig. 1 Causes of non-trauma open globe injury. Bar chart
displaying frequency of non-traumatic open globe injury from
various causes.

Fig. 2 The figure displays a chemical burn to the right eye
complicated by a staphylococcal infection with a perforated
corneal ulcer and uvea prolapse (red arrow). Complete opacifica-
tion across the central visual axis of the eye can be seen (blue
arrow).

Fig. 3 Summary of Visual Acuity Changes by Ocular Finding.
Summary of VA change by ocular signs.
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is important in prognosticating outcomes. Epidemiologically, we
found non-traumatic open globes had no gender predilection but
were more commonly seen in those with previous ocular disease
or surgery. Clinical characteristics are also essential to the
ophthalmologist in initial evaluation and understanding prognosis
of open globes. Within our cohort of non-traumatic globes, we
found patients with a RAPD, chemosis, or hypopyon portended a
worse prognosis. The presence of these signs can assist the
clinician in weighing the risks and benefits of treatment options.
Our series of non-traumatic open globe injuries consisted

entirely of zone 1 injuries, with none of our patients presenting
with a VA better than CF, a majority LP or NLP (70%). By contrast,
Parver et al. [4], using the National Eye Trauma Registry, examined
all traumatic open globe injuries from 1985 to 1991, and found
that 37.8% of open globes from traumatic causes at presentation
had a VA of CF or better, and 14.2% had a VA of 6/12 (20/40) or
better. Sahin Atik et al. [8] and Rao et al. [9] also showed a lower
prevalence of zone 1 injuries among all open globes compared to
our non-traumatic globe cohort, reporting that approximately 50%
of open globe injuries occurred in zone 1 [8, 9]. Examining the
final VA of open globes with zone 1 injuries, Sahin Atik found that
68% of zone 1 injuries had a final VA of greater than 6/60 (20/200).
Pieramici et al. [10] found that 48% of zone 1 injuries had a final
VA of 6/12 (20/40) or better, 25% had a final VA of between 6/12
(20/40) and 6/240 (20/800), 20% had a vision worse than 6/240
(20/800), and 7% required enucleation. Our cohort had distinctly
worse outcomes, as none of our patients had a final VA better
than 6/60 (20/200) and 31% (8/26) required enucleation (primary
or secondary).
This difference in outcomes is likely multi-faceted. In studies

that examine zones of injury for traumatic open globes, the final
VA has a progressively worse prognosis with successive zone of
injury due to posterior segment involvement causing irreparable
damage. The structural anatomy of the eye can be restored, but
damage to the nerve layer is irreversible [11]. A majority of the
injuries in these eyes are secondary to purely traumatic forces
(projectiles, impalements) in which the injury would only be
relegated to the point of impact or perforation. In contrast, the
causes for non-traumatic open globe injuries are not simply
confined to the location of the defect. An infective bacterial or
fungal keratitis that leads to a perforated corneal ulcer may likely
have seeded further into the eye. Surgical intervention alone may
not salvage vision, and medical intervention may be too late to
halt the infectious and inflammatory damage [12]. In corneal
ulcers secondary to chemical burns, more than just the cornea can
be affected. Alkali substances can penetrate the eye, causing
ciliary body and trabecular meshwork damage leading to acute
IOP rise and permanent glaucomatous damage. These substances
may also cause limbal ischaemia leading to stem cell deficiency
and damage to the conjunctiva causing scarring and dryness [13].
Another facet of the poor visual prognosis in our patient cohort

may be related to their ocular comorbidities. Seventy percent
(70%) of our patients had a pre-existing ocular disease, and 47% of
our patients had undergone previous ocular surgeries (e.g.
cataract extraction, penetrating keratoplasty). Prior ocular trauma
or prior ocular surgery weakens the natural integrity of the eye.
These potentially led to poorer outcomes from one of three
mechanisms: (1) greater susceptibility to infections, (2) limited
ceiling for improvement, or (3) VA may have already been partially
compromised.
It is worth noting that while traumatic open globes tend to occur

in males at higher rates [4], we found that non-traumatic open
globes were just as likely to occur in females as males. This
difference could be attributed to how causes of traumatic open
globes are more frequently associated with occupational hazards in
men [14], while non-traumatic globes have no such associations.
This study also evaluated the various presenting clinical signs of

non-traumatic open globes for prognostic value (Supplementary

Table 2 and Fig. 3). An abnormal pupil, corneal opacification, and
injection were the most common findings. RAPD tended to
prognosticate a poorer outcome with either worse VA outcomes
or the need for enucleation and none showed improvement.
Similarly, Rahman et al. [15] investigated all causes of open globes
and found that not only was RAPD significantly associated with
poor visual outcomes but that 48% of all open globes with a RAPD
proceeded to enucleation. As in our study, globes without a RAPD
did not result in enucleation. While RAPD is a non-specific sign, its
presence in non-traumatic open globes may signify permanent,
irreparable injury and a poor visual prognosis.
While only three (10%) hypopyon were seen in our cases, all

required enucleation or remained NLP. Chemosis was also
infrequently seen (13%), but similarly carried a worse visual
prognosis. While hypopyon and chemosis are not discussed in
great detail in the literature, we found that both portended a poor
visual prognosis in our patients.
A large proportion of our cases required infectious work-up and

their stratification was important in considering microbial
aetiologies of open globes. Besides the study done by Lekskul
et al., no other studies have looked at infectious causes of open
globes. Lekskul found that 15% of their non-traumatic open
globes were secondary to bacterial keratitis, with half of those
having improved final VA and half having worsening VA; 8% were
due to fungal keratitis, with none of their cases showing
improvement.
No large-scale studies have looked at infectious causes of open

globes; therefore, we extrapolated comparable information from
previous studies that examined microbial keratitis. Geographical
regions play a major part in the type of infectious keratitis. Shah
et al. [16] showed a positive correlation (r= 0.83) between the
developmental status of the country and the incidence of bacterial
corneal ulcers. As our study took place in the United States, a
developed nation, the cohort of open globes due to infectious
causes showed a similar trend at 87% and 13% for bacterial and
fungal, respectively. Furthermore, Shah found that 64% of culture
positive bacterial keratitis in North America were Gram positive,
while 36% were Gram negative. In contrast, our cohort had a
higher proportion of Gram negative at 62% (8/13) compared to
Gram positive at 31% (4/13). It is possible that Gram-negative
infections progress more quickly to perforated ulcers, although no
studies currently exist that compare progression to perforation of
Gram-positive versus Gram-negative bacterial keratitis. Alterna-
tively, previous studies on microbial keratitis have included trauma
as a primary cause, which more often result in Gram-positive
infectious aetiology. Keay et al. [17] showed that 29% of their
traumatic cases resulted in Gram-positive infection while only 5%
were due to Gram-negative bacteria. Further studies are needed
to understand the prevalence of Gram-negative bacteria causing
non-traumatic open globes.
Our study’s exclusion of traumatic cases may account for the

relatively few microbial cases secondary to fungal organisms.
Wong et al. [18] showed that fungal keratitis was 2.69 more likely
to be associated with trauma than all bacterial keratitis was.
We examined the effect of microbial species on VA outcomes in

our study. No open globe with positive fungal culture achieved a
VA better than CF, though none had worsened VA once treated. In
contrast, in bacterial infections half had better VA, and a third had
worsened VA. The best potential for recovery was seen among
Gram-negative causes. Finally, a statistically significant association
was found between VA acuity and eyes that underwent culture.
We hypothesize that this is due to better tailored treatment for
these eyes.
In conclusion, we examine the gap in the literature of open

globes secondary to non-traumatic causes, as our study shows
they have extremely poor outcomes with higher proportion of
NLP and enucleations. Zone 1 was always the site of the injury,
infectious aetiologies found to be the primary cause, and
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predilection for those with prior ocular surgery and disease was
seen. Male gender did not increase risk. Infectious aetiologies in
our study showed a lower incidence of fungal keratitis and a
higher rate of Gram-negative infections, which may be explained
by the exclusion of traumatic injury. Chemical burns and infections
(as well as the other aetiologies) may contribute to greater
concurrent ocular morbidity beyond the point of perforation,
unlike traumatic aetiologies. RAPD was an important predictor of
poor visual outcome or enucleation, and while not significant,
hypopyon and chemosis were seen only in eyes with worse
outcomes.
To further delve into outcomes of non-traumatic globes and

potential interventions, several other factors remain to be
thoroughly studied—use and comparison of therapeutic inter-
ventions, aggressiveness of intervention, and medical versus
surgical routes of treatment.
A limit of this study stems from its retrospective nature with

limited follow-up. Furthermore, we entered the care of several
patients in media res, which prevented us from having a full
picture on a few patients, particularly the cultures of ongoing
infections and their underlying aetiologies. While posterior pole
findings were outside the scope of this study, injury to the
posterior pole is often secondary to the aetiology of the non-
traumatic injury or sequelae to it (e.g. infection causing perfora-
tion and affecting the back of the eye) and may be the subject of
further investigations.
Another limitation of this study was the sample size of patients.

These types of open globes are very rare, and while this study
represents a relatively large cohort, it is still small in absolute
terms, limiting the degree of analysis possible. The stratification of
patients by different causes or presenting symptoms was limited
to descriptive statistics.
Despite these limitations, this study importantly contributes to

the literature by examining outcomes and prognosis of non-
traumatic open globes.

SUMMARY

What is known about this topic

● Characteristics of traumatic open globes have been thor-
oughly studied, with demographics, zone of injury, mechan-
ism, and prognosis well known.

● There is no existing literature that currently characterizes non-
traumatic open globe injuries, which is important in efforts to
better understand prognosis and treat disease.

What this study adds

● Non-traumatic open globe injuries do not have the same
predilection for males, although they occur more frequently in
those with prior ocular disease.

● Injury is most often to the cornea and limbus and involves
infection, with RAPD predicting poor final visual outcome.

● Overall, non-traumatic causes of open globes demonstrated
extremely poor visual outcomes.
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